Introduction
W ORK-RELATED MUSCULOSKELETAL DISORDERS (MSDs) constitute 38% of all illnesses and injuries caused by work according to the Health and Safety Executive (HSE) (2008) estimates. They affect the health and wellbeing of workers and incur costs to industry (Rivilis et al., 2006; Buckle, 2005) . A plethora of intervention programmes, standards and guidelines have been developed to reduce the prevalence of MSDs among the working population (Ruotsalainen et al., 2006; Rivilis et al., 2006 ). Yet, work-related MSDs are still commonplace (HSE, 2008) and research is necessary to improve methods to reduce them (Ruotsalainen et al., 2006) .
Participatory approaches have provided effective results in improving working conditions (Kogi, 2006) . However, practitioners in general are not involved in all participatory steps (Vink et al., 2008) creating a mismatch between user requirements and what is present in designs. Methodologies and tools for user participation are important elements in participatory approaches (Broberg, 2007) and in supporting practitioners in collaboratively identifying user requirements and suggesting solutions.
Quality Function Deployment (QFD) is a design method that helps integrate user requirements and design (Akao, 1990) . A review by Chan and Wu (2002) identifies its application in many industry sectors, and its capability as a design method to fit into different contexts. Previously, there has been limited application of QFD in ergonomics (Marsot, 2005; KuijtEvers et al., 2009) . This may be due to its complexity (Iranmanesh et al., 2005; GoncalvesCoelho et al., 2005) . These authors consider that the use of selected features of QFD along with other tools that support design can effectively support design. Furthermore, studies of hand tools by Marsot (2005) and Kuijt-Evers et al. (2009) indicate the value of QFD in obtaining and prioritising user requirements and even suggesting solutions to reduce work-related MSDs.
With this notion, a design approach was developed based on QFD and the theory of inventive problem solving (TRIZ) (developed by G.S. Altshuller between 1946 and 1985) (Rantanen and Domb, 2002) . This approach, with elements to encompass identifying MSD risks; obtaining user requirements; prioritising these requirements; identifying design solutions to address these requirements; presentation of user requirements/design solutions; checking the feasibility of any solutions; integration of the above elements, and recording knowledge for improvements, is proposed for further research.
A basis for the QFD approach to collaborative design is understanding user ability to specify risks and user requirements to help reduce work-related MSDs. In this pursuit, research was conducted to investigate potential worker (user) involvement in a participatory process by evaluating their ability to identify risks and user requirements for design to help reduce work-related MSDs. This paper presents the findings of this study that will later inform the development of the QFD approach to participatory design.
Data Collection
The research was conducted in three case study areas to include a variety of work tasks (i.e. cleaning using scrubber drier machines; joinery using workbenches, and plumbing involving varied work tasks). Although the work tasks were purposively selected for the studies, they can be categorised according to three of the four combinations of work tasks and work environments as discussed in literature (Denis et al., 2008) . The cleaners' study was a variable environment and cyclic task; the joiners' study was a stationary environment and a variable task, and the plumbers' study was a variable environment and a variable task. All workers (cleaners (n=10), joiners (n=6) and plumbers (n=6)) involved in the studied work tasks and their line managers (cleaners' (n=3), joiners' (n=2) and plumbers' (n=1)) participated in the research.
Initially, workers were observed for approximately 30 minutes in order to fully understand the particular work tasks. Then, semi-structured interviews were conducted to investigate their perceptions of the workplace risk factors for MSDs and their requirements for design to reduce such risks. The audio-recorded interviews elicited personal information; job information; awareness of MSDs based on the stage of change questionnaire (Whysall et al., 2007) ; perceived user requirements for the different work tasks by encouraging them to reflect on their work; musculoskeletal troubles (period prevalence-12 month, point prevalence-7 day and severity-the effect on normal activities in the last 12 months) based on the Nordic 210 musculoskeletal questionnaire (NMQ) (Kuorinka et al., 1987) , and involvement in the task design decisions using a 9-point Likert scale (1= no impact at all to 9= very high impact scale). Interviews were conducted on site during work time. Probing questions were asked as necessary throughout the interviews to clarify points of interest and to obtain further information.
Workers were directly observed performing the work tasks, and note-taking was guided by work element recording checklists (Konz, 1990) . Typical work tasks were captured with a digital camera and task elements were captured on video for approximately 10 minutes. Finally, whole body discomfort (WBD) scales (0= no discomfort to 6= extreme discomfort) based on Corlett (1990) were distributed to workers just before and after one hour of work: all worker groups in general worked for one hour slots on a task.
Interviews (semi-structured) were also conducted with line managers to obtain job information; awareness of MSDs based on the manager stage of change questionnaire (Whysall et al., 2007) , and the involvement in the task design decisions using a 9-point Likert scale (1= no impact at all to 9= very high impact scale).
Analysis
Firstly, work tasks were analysed using Hierarchical Task Analysis (Annett, 2005) to identify the first level of task elements. Personal and job information were used to obtain characteristics of the worker sample. Then, narratives to the stage of change questionnaire were used to indicate their readiness to change behaviour to reduce the risk of MSDs arising from work and knowledge of work-related MSDs. User-identified risks and requirements were extracted from the interviews and prioritised using the constant comparative method (Glaser, 1965; Erlandson et al., 1993) . Prevalence data (period, point and severity) were summarised and compared to the user identified risks and requirements. Mean ratings for the task design decisions were calculated to obtain a measure for the worker involvement in the task design decisions for each of the case study areas.
Note taking, photographs and video recordings were used to add detail and to obtain a clearer picture of the user identified risks and requirements. Video recordings were played back in Windows® Movie Maker and most common and extreme postures were identified by closely observing the work tasks. These postures were used to evaluate risks for MSDs (Spielholz et al., 2001; Bao et al., 2007) using Rapid Entire Body Assessment (REBA) scores (Hignett and McAtamney, 2000) . The REBA risks were tabulated with respect to task elements and stature (percentile) of the workers. To document worker discomfort, the mean whole body discomfort rating was calculated for each body area at the beginning of and after one hour of the task.
Characteristics of the manager sample were obtained by analysing job information. Analysis of stage of change data for managers was similar to that of workers'. Then, manager involvement in task design decisions was determined for the three case study areas and details of related procedures were obtained. Manager interviews were also used to triangulate the information provided by the workers.
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Results
Initial observations were used to understand the elements of the tasks in the three case study areas. Task elements were identified for the mains-operated scrubber drier machines (i.e. filling water and additives, lowering the brush, scrubbing open areas, scrubbing corners and edges, and emptying containers) and for the battery-operated scrubber drier machines (i.e. filling water and additives, scrubbing open areas, scrubbing corners and edges and emptying containers) in the cleaners' study. In the joiners' study, five distinct task elements were observed (i.e. placing material on the workbench, measurement and marking, material removal, finishing and removing the finished job from the workbench). In the plumbers' study, only two broad task elements (i.e. cutting pipes and preparing fittings and connecting the pipes and fittings) were observed.
Characteristics of the worker populations in the three case study areas are shown in Table  1 . Only the population of cleaners included both males and females. Narratives for the worker stage of change revealed that the majority were in the 'contemplation' stage. 80%, 83% and 50% of workers in the three case study areas (cleaners, joiners and plumbers respectively) suggesting that they had already made changes to their work in the past and intended to make changes if MSD risks were identified. The risks and requirements from the worker interviews were extracted and prioritised. The first six user-identified risks and requirements are listed for the three case study areas in Table 2 . For example, all cleaners (100%) using the mains-operated machine identified 'the need to lift and carry the dirty water tanks to empty' as a risk. Figure 1 depicts the prevalence data for the three case study areas. Altogether, 80% of the cleaners and 100% of the joiners and plumbers reported at least one musculoskeletal trouble. Cleaners reported (Figure 1 .a) a higher period prevalence (40%) of musculoskeletal troubles in the shoulders, wrists and lower back than in the other regions. Point prevalence of musculoskeletal troubles in the shoulders and lower back was also high (30%). Joiners (Figure 1 .b) reported a higher period prevalence in hands (67%) and lower back (50%). Severity of musculoskeletal troubles in the lower back (33%) was also high. The period prevalence of musculoskeletal troubles in plumbers (Figure 1 .c) was very high for the neck (100%), knees (83%), lower back (83%) and wrists (67%). A very high point prevalence was also reported in the knees (83%). Workers were also asked to judge whether they thought their musculoskeletal troubles were related to work-related factors. Seven out of the eight cleaners that reported musculoskeletal 214 troubles judged that they were linked to work-related factors. All joiners and plumbers viewed that their musculoskeletal troubles were linked to work-related factors. For example, three of the four cleaners that reported shoulder troubles associated it to working with the machine (i.e. bending over the machine, heavy equipment and using the machine in general) and the other attributed it to age (i.e. age/arthritis); the joiners that expressed hand troubles (67%) viewed impact loads, lifting of weights, gripping, holding things while cold, and holding equipment as risk factors; and all the plumbers related neck troubles to awkward postures, bending and twisting.
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Cleaners generally rated their involvement in the task design decisions lower (mean= 2 (SD 1.4)) compared to the joiners and plumbers (mean ratings 4 (SD 2.0) and 5 (SD 1.0) respectively). No correlations were found between the years of experience of the workers and their involvement in the task design decisions.
Tables 3-5 illustrate the REBA risk levels calculated for elements identified from the task analysis in the three case study areas for three cleaners, three joiners and four plumbers. According to the REBA assessment criteria, for the cleaners, action is necessary immediately for both the 90 th percentile male and 7 th percentile female in 'lowering the brush' in the mains-operated machine to reduce the risk of MSDs. For the joiners, the REBA assessment criteria indicated that action is necessary especially in 'material removal' and 'removing the finished job' from the workbench in order to reduce the risk of MSDs. REBA also suggests that action is necessary for plumbers particularly with respect to 'connecting the pipes and fittings'.
Mean whole body discomfort (WBD) ratings for all body areas (baseline and after 1 hour) are shown in Figure 2 for the three case study areas. After 1 hour of work, discomfort was particularly a problem in the hands and ankles/feet for cleaners; wrists and hands, and lower back for joiners; and in the neck, lower back and knees for plumbers. According to the stage of change questionnaire, the managers were in the maintenance stage indicating that they were working to consolidate changes made to behaviour. All six managers reported that they had taken steps (e.g. implementation of risk assessment and manual handling procedures, purchasing equipment to reduce risk of musculoskeletal problems) to reduce the risks to workers and had plans to introduce more efficient methods to reduce the burden on the workers.
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Table 6: Characteristics of the Line Manager Participants (n=6)
The reported work experience of the line managers is shown in Table 6 . Manager involvement in the task design decision were rated as high impact, with a mean rating of 8, 8.5 and 9 respectively with regard to the cleaners, joiners and plumbers. Managers also revealed that they were obtaining feedback from the workers on the equipment and processes, and were trying to reduce the effort required to carry out their job. These managers did not necessarily check whether the machines complied with the ergonomics guidelines, and relied on supplier information to obtain specifications and check for compliance by browsing technical specifications in the internet. All the managers had direct experience in the relevant work tasks and were using that experience in the decisions required for selection of equipment and processes.
Discussion
Prevalence data (Figure 1) shows that MSDs were reported among the workers in the case study areas. Previous research also shows MSDs in these workers (Ringen and Seegal, 1995; Kumar and Kumar, 2008) . Further, differences in prevalence data among workers in the three case study areas could be observed (Figure 1) . Cross-sectional studies by Ueno et al. (1999) and Holmstrom and Engholm (2003) with construction workers report a variation in MSD prevalence across different trades involved in the construction industry. They relate this variation to the difference in the level of physical exposure in different trades.
Cleaners reported musculoskeletal troubles in all body areas except the upper and lower legs, but they particularly reported shoulder (40%), wrist (40%) and low back (40%) troubles in the last 12 months. Kumar and Kumar (2008) cite from the findings of several studies which reveals shoulder (63%), wrist (46%) and low back (36%) prevalence in cleaners which are consistent with the current results. Similarly, Woods and Buckle (2005) also report that cleaning tasks affect the shoulders (23%), hands (22%), and low back (43%). Joiners predominantly reported musculoskeletal troubles in the hands (67%) and lower back (50%). Although no literature was found specific to joinery, reports on studies of carpenters suggest 218 DESIGN PRINCIPLES AND PRACTICES: AN INTERNATIONAL JOURNAL MSD problems in the neck, shoulders and back (Albers et al., 1997) . Prevalence data in plumbers was high for the neck (100%), wrists (67%), lower back (83%) and knees (83%). This is consistent with the findings of Rose (2007) where the research concludes that plumbers involved in pipe joining, experience musculoskeletal problems in the neck, wrists, low back and knees. Furthermore, this study emphasises problems in the shoulders and arms. Similar patterns of prevalence in construction workers in general (that include both joiners and plumbers) have also been identified where they report a high prevalence of shoulder, wrist, finger, low back and knee musculoskeletal troubles (Ringen and Seegal, 1995; Ueno et al., 1999; Holmstrom and Engholm, 2003) .
However, it is difficult to directly associate prevalence data with musculoskeletal loading due to the work tasks studied because the workers engage in other tasks as well as the studied work tasks. For example, the cleaners that use the scrubbing machines also engaged in other cleaning tasks such as sweeping and mopping. According to Hildebrandt et al. (2001) , in theory, an instrument used to identify risk groups with respect to musculoskeletal disorders, with the aim of taking effective preventive measures, should contain only items that show a prospective relation with musculoskeletal symptoms. Hence, it was important to evaluate the discomfort data in addition to the prevalence data.
Discomfort data collected at the beginning of the work task and after 1 hour of work ( Figure 2 ) helped to identify mean discomfort as perceived by the workers specific to the studied work tasks. Cleaners showed a higher mean discomfort rating in the hands and ankles/feet. Joiners' WBD data showed a higher discomfort rating in the wrists, hands and in lower back. Plumbers showed a higher rating in the neck, lower back and knees. Although MSD prevalence and discomfort data show similar patterns, the small number of participants (n=22) and the use of ordinal rating scales do not justify statistical verification of these effects (Gob et al., 2007) .
The participants in the cleaners' study appeared to have less experience in the job than the participants in the joiners' and plumbers' studies. Unlike cleaners, joiners and plumbers require formal training and the jobs are considered as technical professions and as such, workers tend to remain in their particular field. Cleaning, whether using basic hand tools or using automated machines is a labour intensive and physically demanding job (Sogaard, et al., 1996; Woods and Buckle, 2005) and is mostly performed by people with a low social status and with a low level of education (Kumar and Kumar, 2008) .
The stage of change questionnaire is used to categorise the process of change (Whysall et al., 2007) . Five stages are identified: pre-contemplation (resistance to recognising or modifying problem behaviour); contemplation (recognising problems and thinking about changing, but are not ready to act); preparation (intending to change in the next 30 days and/or have made specific plans to do so); action (having made changes no more than 6 months ago); and maintenance (having made changes more than 6 months ago and working to consolidate gains made). According to this, all the workers in the three case study areas were in the contemplation stage. Interestingly in the current study, cleaners were also in the contemplation stage whereby they recognised the risks and were contemplating taking action despite their low level of experience and education as discussed in previous literature. Further detail regarding this is evident from the user-identified risks and requirements to reduce the risks as shown in Table 2 , and cleaners' judgement of work-related factors for their musculoskeletal troubles. A comprehensive study by Woods and Buckle (2005) also indicates the ability of the cleaners to identify MSD risks.
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Although all of the workers were interviewed separately in this study, many identified similar risks and requirements. For example, all cleaners that were interviewed identified the 'need to lift and carry the dirty water tanks to empty' as a problem. Cleaners that reported low back troubles related it to bending and lifting. A high period prevalence of MSDs (Figure  1 .a) and high mean discomfort (Figure 2 .a) in the lower back for cleaners would appear to support this. The same task element (i.e. emptying containers) showed a high REBA risk level. Cleaners were able to identify risks and requirements for the task element with higher REBA risk, but they did not express concerns about task elements that showed low REBA risk levels (i.e. filling water was not identified as a problem by the cleaners). Similar associations between REBA risk levels and the user identified risks and requirements were observed in all case study areas: workers were in general able to identify work related-risks for the task elements that showed higher REBA risk levels.
The ratings regarding worker involvement in task design decisions for cleaners (mean= 2) were lower than that of joiners (mean= 4) and plumbers (mean= 5). This was a salient issue identified by Woods and Buckle (2005) . High manager involvement in the task design decisions in cleaning may be due to the fact that the cleaners have low levels of experience and education as mentioned by Kumar and Kumar (2008) . In addition, managers themselves were able to bring in their own experience of cleaning. In the case of joiners and plumbers, they have formal training and the experience to be involved more in such decisions.
All participants in all three case study areas identified risks and user requirements during the interviews suggesting the positive impact of participatory methods with users (workers). The favourable culture that participation brings into the work environments by giving responsibility to the workers has been discussed in research (Kuorinka and Patry, 1995; Kogi, 2006; Rivilis, et al., 2008) . It will evoke a sense of ownership among the participants to the solutions that will be ultimately implemented and form a basis for lasting solutions and continuous improvement.
However, generalising the results of the current study to all work populations may not be possible due to the fact that the results are based on only twenty two participants and only three of the four categories of work environments and work tasks identified by Denis et al., (2008) . Furthermore, there were only five female workers in the sample, although all workers that were involved in the studied work tasks participated in the study. Another limitation was that, according to the analysis of interview data, the workers found it difficult to separate risks from the design requirements needed to reduce work-related MSDs.
The QFD (Akao, 1990) based approach has been shown to have potential in obtaining and prioritising user requirements, solutions and other related information. Hence, the next phase of the research will involve further development of the QFD based participatory design approach and its evaluation. The design approach will have elements to help identify risks and user requirements to reduce work-related MSDs; prioritise them; identify design solutions using a TRIZ based approach; present the information using QFD matrices; check feasibility of solutions, and maintain a solution base. These elements will be evaluated using interviews and case studies. The proposed participatory design approach will help practitioners of health and safety, ergonomics, and design, to help provide design solutions for the work-related factors of MSDs thus ensuring worker health and well-being.
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Conclusion
Musculoskeletal troubles were present in all three case study areas (cleaners, joiners and plumbers). The majority (91%) of the workers reported significant musculoskeletal troubles. All of the workers were able to identify risk factors in their job for work-related MSDs. Further, prioritised lists of user identified risks and requirements for the three case study areas were obtained from interview data.
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